O BJEC T IV ES: W e evaluated the specific pattern of pre-and postoperative neurological signs and symptoms and functional results in patients with cervical spondylotic myelopathy who underwent anterior decompressive operations. Additionally, we sought to determine which findings had predictive value for surgical outcome. M ET H O D S: W e retrospectively reviewed the records of 76 patients with cervical spondylotic myelopathy caused by osteophytic ridge or intervertebral disc herniation who underwent anterior cervical decompression and fusion performed by one surgeon. The patients were evaluated postoperatively by office visits and/or telephone interviews. Outcome was assessed by objective neurological examination and scoring with multiple functional rating scales. RESULTS: The most common preoperative symptoms were deterioration of hand use (7 5 % ), upper extremity sensory complaints (8 2 .9 % ), and gait difficulties (8 0 .3 % ). In the upper extremities, preoperative weakness was most common in the hand intrinsic muscles (5 6 .6 % ) and triceps (2 8 .9 % ), and in the lower extremities, preoperative weakness was most common in the iliopsoas (3 8 .8 % ) and quadriceps (2 6 .3 % ). In the lower extremities, individual muscle groups had strength improvement rates from 79.1 to 88.1 % ; somewhat higher rates, from 81.3 to 9 0 .9 % , were observed in the upper extremities. W hen evaluated by using the Cooper myelopathy scale, lower extremity functional improvement occurred in 4 6 .7 % of the patients and upper extremity functional improve ment in 7 5 .4 % . O verall functional improvement, evaluated by using a modification of the Japanese Orthopedic Association Scale, was noted in 7 9 .7 % of the patients who had abnormal scores preoperatively. C O N C L U S IO N : Strength improved at rates of approximately 80 to 9 0 % in individual muscle groups after anterior cervical decompression. However, fewer than half of all patients experienced functional improvement in the lower extremities, a discrepancy that was probably caused by persistent spasticity rather than muscle weakness. Postoperative dysfunction in the upper extremities was caused by residual weakness as well as sensory loss. Recurrent symptomatic spondylosis at unoperated levels was calculated to occur at an incidence of 2 % per year. (Neurosurgery 44:762-770, 1999) 
Cervical Spondylotic Myelopathy
Although the literature does not lack for series presenting the results of anterior decompressive procedures in general terms such as im proved, sam e, or w orse, most authors have failed to present specific data regarding the pattern of im provement of neurological function after anterior decompres sive surgery and the types of residual deficit that prevent patients from achieving full function (3, 14, 21, 22, 28, 39, 40) . Even when postoperative motor and sensory function is noted, there is a paucity of information regarding the type and location of motor or sensory loss (7, 12, 17, 22, 26) . To darify the efficacy of anterior cervical decompression in ame liorating neurological deficit and specifically to determine the pattern of neurological improvement in patients with CSM, we reviewed our experience with the management of this entity.
PATIENTS AND M ET H O D S Clinical material
We retrospectively reviewed the records of 76 patients who were treated by a single surgeon (PRC) and who underwent anterior cervical decompression and fusion for CSM caused by osteophytic ridge or soft disc herniation between 1988 and 1996. Patients who underwent anterior operation for instabil ity or neurological deficit after trauma, those with primary or metastatic bony neoplasms or infectious processes, those with cervical radiculopathy w ithout m yelopathy, and those with ossification of the posterior longitudinal ligament were excluded from this review. The patients in this series thus comprised less than 30% of all patients undergoing anterior cervical operations during the period of study.
Our population consisted of 47 (62%) men and 28 (38%) women. In 54 of 76 patients (71%), the primary pathological finding was a spondylotic ridge; in the remaining 22 patients (29%), myelopathy was caused by soft central disc herniation. The mean age of the patients in this series was 56 years (range, 29-87 yr). The mean age of patients with soft disc herniation was 51.3 years (range, 29-77 yr), and the mean age of those with spondylotic ridges was 57.6 years (range, 33-87 yr).
Symptoms
The mean duration of symptoms was 16.9 months (range, 1-120 mo). The duration of symptoms was shorter for patients u>th soft disc herniation (mean, 5.2 mo; range, 1-24 mo) c°mpared with those with spondylotic ridges (mean, 21.6 mo; range, 1-120 mo). Although the time course of neurological decline varied, most patients gave histories of relentlessly Progressive neurological deficit. Some patients experienced s ort periods of neurological stability, but no patient experi enced significant spontaneous improvement of neurological symptoms before undergoing surgery.
At the time of initial examination, the patients were ques-1 C )ntd regarding the presence or absence of a variety of symp toms (T able 1). Gait disturbance (61 of 76 patients, 80.3%), upper extremity sensory complaints (63 of 76 patients, 82.9%), and difficulty with fine motor function of the hands caused by sensory loss or motor deficit (57 of 76 patients, 75%) were the most common complaints at the time of presentation. Upper extremity symptoms usually occurred slightly before the on set of gait difficulties, and all except six patients had either upper extremity sensory complaints or difficulties with fine finger movements when first seen. Upper extremity sensory symptoms generally began in the finger tips and with time extended proximally but were rarely in a radicular distribu tion. The incidence of sexual dysfunction was evaluated in the men only and might have been higher except that some men were not sexually active.
Signs
We assessed the strength in individual upper and lower extremity muscle groups. In the upper extremity, the hand intrinsics (86 of 152 hand intrinsic muscles, 56.6%) and triceps (44 of 152 triceps muscles, 28.9%) were the most common muscles with objective preoperative weakness. However, in trinsic hand muscle wasting was observed in only 4 of 76 pa tients (5.3%). In the lower extremities, proximal muscle groups were most frequently affected ( Table 2 ). The presence of spastic ity was also evaluated ( Table 3) . Signs of spasticity were less commonly present than were complaints of gait disturbance, because many patients noted subtle difficulties with walking before objective signs of spasticity were present.
We assessed function using a scale developed by Cooper and Epstein (11) (hereafter called the C ooper Scale) because it evaluates the upper and lower extremities separately, was spe cifically developed for patients with cervical spinal cord dys function, and provides an excellent assessment of overall neu rological function in the upper and lower extremities (Table 4 ). The Japanese Orthopedic Association Scale (20) was devised for patients with cervical myelopathy and provides a semiquantita tive assessment of function. We modified this scale (hereafter 
Imaging evaluation
Patients suspected of having CSM based on clinical find ings were initially evaluated with magnetic resonance (MR) imaging and/or computed tomographic myelography. If the extent or nature of spinal cord compression could not be determined with certainty on MR images, plain computed tomographic scans with bone and soft tissue windows were obtained using 1-mm cuts at the site of suspected compres sion. Computed tomographic myelography was routinely performed for all patients early in this study but is now used only when the exact anatomy of the spinal cord compression cannot be ascertained with a combination of MR imaging and plain computed tomography.
Indications for surgery
Anterior operations were indicated for each patient with complaints of progressive gait difficulties and/or upper ex tremity weakness or sensory abnormalities who also had objec tive findings of corticospinal tract dysfunction. Imaging studies had to show bone or soft tissue producing anterior compression and deformation of the spinal cord at one to three levels. The relative lordosis or kyphosis of the cervical spine had no influ ence on the selection of an anterior approach. The only patients who underwent decompressive laminectomies were those with osteophytes at more than three levels or those who had posterior compression from ligamentous hypertrophy.
Operative management
Patients were intubated while they were awake using fi' beroptic techniques, after which they were anesthetized. So matosensory evoked potential monitoring was used and dur ing the latter part of this study was supplemented with motor evoked potentials. Soft tissues of the neck were dissected using an approach that has been well described (10, 35) . Bone re moval was performed using a high-speed air drill and oper ating microscope. The amount of bone removal was mined by the specific anatomy of the compression. In general, 18 to 20 mm of bone were removed in a transverse direction and 10 to 12 mm of bone and disc in a rostral-caudal direc tion. The last bits of bone and osteophyte adjacent to the posterior longitudinal ligament were resected using fine cu rettes. Rongeurs were not used for bone removal. The poste rior longitudinal ligament was resected to the edge of bone removal. The technique for removal of soft disc herniations was similar, although a lesser amount of bone was usually resected to gain exposure.
Overall, 112 levels were decompressed in 76 patients. The C2-C3 level was decompressed in one patient, C3-C4 in 28, C4-C5 in 25, C5-C6 in 37, C 6-C 7 in 20, and C7-T1 in one. Each of 51 patients was decompressed at a single level, each of 14 patients at two levels, and each of 11 at three levels. Vertebrectomy was performed when osteophyte removal at two or more adjacent levels left too little bone to safely accept a bone graft. Iliac crest allograft was used to achieve fusion in 65 patients; in 11 patients, iliac crest autograft was used because of patient preference or because allograft was not available. Anterior cervical plating was used in six patients who underwent vertebrectomies. Postoperatively, patients were immobilized with rigid cervical collars for 8 to 12 weeks.
RESULTS

Duration and manner of follow-up
One patient died during the postoperative period as the result of a massive cerebrovascular accident, leaving 75 pa tients available for follow-up. Early follow-up was obtained by office examination and late follow-up by telephone contact.
Office examination
All patients were examined postoperatively in the office by the same physician (PRC). The mean time from surgery to last office follow-up for all 75 patients was 8.9 months (range, 1-75 mo). Twenty-one of these 75 patients were examined at least 1 year after surgery (range, 12-75 mo; mean, 22.5 mo), and the remaining 54 patients were examined less than 1 year post operatively (range, 1-9 mo; mean, 3.6 mo). 
Individual muscle group function
Muscle function was evaluated at the time of the last office examination (range, 1-75 mo; mean, 8.9 mo). In the lower extremities, improvement in function by one or more grades (on a scale of 0-5) occurred at rates of 79.1 to 88.1% in lower extremity muscle groups; improvement rates of 81.3 to 90.9% were observed in the upper extremities (T able 6). Deteriora tion in function was noted at rates of 0 to 2.6% in upper and lower extremity muscle groups (T able 7).
Telephone interview
Telephone follow-up was conducted by two of the authors °f tnis study (BWC, MAL). Among the 54 patients who had an office follow-up duration of less than 12 months, 43 partici pated in telephone interviews that were conducted at least 1 Vear after surgery (range, 13-108 mo; mean, 42.3 mo). Of the J'omaining 1] patients, 2 were deceased and 9 could not be ocated; their last follow-up was by office examination less t an 1 year after surgery (range, 1-9 mo; mean, 4.1 mo).
Thus, overall, 64 patients were followed up for at least 1 }ear after surgery (range, 12-108 mo; mean, 35.8 mo), either y office examination or by telephone questionnaire. The mean follow-up duration for the 75 patients was 31.1 months. 
Postoperative functional evaluation
Pre-and postoperative function were evaluated and com pared using the mJOA Scale and the Cooper Scale. The m]OA Scale provided a fine, semiquantitative gradation of overall function, whereas the Cooper Scale separated upper and lower extremity function. Using the mJOA Scale, 59 of 74 patients (79.7%) who had abnormal scores preoperatively were im proved, 10 (13.5%) were unchanged, and 5 (6.8%) were worse (Fig. 1) . The mean preoperative mJOA score of all patients was 12.4 and postoperatively was 14.9, a highly statistically signifi cant improvement (Wilcoxon signed rank, P < 0.0001). A sepa rate evaluation of upper and lower extremity function was made using the Cooper Scale to assess myelopathy (Fig. 2) . Of 60 patients with abnormal lower extremity function preoperatively, only 28 (46.7%) experienced improvement postoperatively. It is noteworthy that lower extremity muscle group strength im proved at rates of 79.1 to 88.1%, a considerably higher figure.
Of the 69 patients who had abnormal upper extremity function preoperatively according to the Cooper Scale, 52 (75.4%) improved. This is slightly less than the 81.3 to 90.9% postoperative improvement rates in strength in upper extrem ity muscle groups.
Predictors of outcome
Although the majority of our patients improved, some improved to a greater degree than did others, whereas a few were unchanged or even worse after surgery. We therefore evaluated a number of preoperative variables to determine their relationship to outcome in our study group (T able 8). We performed multivariate analyses of our data with respect to the final postoperative mJOA scores as well as the change between preoperative and postoperative mjOA scores (i.e., degree of improvement). In the multivariate model, examin ing the final postoperative mJOA score, the presence of cord atrophy on preoperative images and the presence of hand wasting were both highly associated with a lower postoper ative mJOA score as compared with patients who lacked these findings (P < 0.01 and P < 0.05, respectively). A lower pre operative mJOA score was found to be highly predictive of a lower postoperative mJOA score (P < 0.0001). Decompression of a single level (versus multiple levels) and compression by a soft disc (versus osteophytic ridge) were both predictive of a higher postoperative mJOA score (P < 0.05). Signal change seen in the spinal cord on preoperative T2-weighted MR images as well as the presence of a spastic gait were both moderately predictive of a lower postoperative mJOA score, Using the multivariate model that examined the degree of improvement in mJOA score, we found that compression from a soft disc and a higher preoperative mJOA score were both highly associated with a greater degree of improvement in mJOA score (P < 0.05 and P < 0.0001, respectively). De compression of a single level (versus multiple levels) was found to be strongly predictive of a greater degree of im provement in the mJOA score, although this did not quite reach statistical significance (P = 0.0518). The presence of cord atrophy on preoperative images and the presence of hand wasting were found to be highly associated with a smaller degree of improvement in mJOA score (P < 0.01 and P < 0.05, respectively). The presence of preoperative signal change and a preoperative spastic gait were found to be moderately predic tive of a smaller degree of improvement in mJOA score that approached but did not reach statistical significance (P = 0.0828 and P = 0.1817, respectively).
We also performed a series of nonparametric analyses (Wilcoxon rank sums) on each of the variables with respect to the final postoperative mJOA score, as well as the degree of im provement. The presence of a preoperative spastic gait and the presence of cord atrophy were both highly associated with a lower postoperative mJOA score (P < 0.01 and P < 0.05, respec tively). Decompression of a single level and compression by a soft disc were both significantly associated with a higher post operative mJOA score (P < 0.01). The presence of hand wasting and signal change were moderately predictive of a lower post operative mJOA score, but neither reached statistical significance (P = 0.1389 and P = 0.1350, respectively).
Using the nonparametric analysis to examine our data with respect to the degree of improvement in mJOA score, we noted that the presence of a soft disc was found to be highly associated with a greater degree of improvement in mJOA score (P < 0.001). Operation on a single level was also found to be highly associated with a greater degree of improvement in mjOA score (P < 0.05). The presence of cord atrophy was found to be only weakly associated with a smaller degree of improvement in mjOA score and was not statistically signif icant (P = 0.1663). The presence of signal change, hand wastlng, or spastic gait was not associated with the degree of •mprovement in mjOA scores. Because the preoperative mJOA score is a continuous variable, we performed Spear man s correlation to further analyze the relationship of this factor to outcome. We found a highly statistically significant correlation (rho) of 0.45 between the preoperative and post operative mjOA scores (P < 0.0001).
Operative complicationŝ ght patients experienced complications related to sur ety-One patient died during the postoperative period after buffering a cerebrovascular accident. Another patient who unerwent surgery at the C4-C5 level sustained a permanent uniaforal deltoid paralysis. A single dural tear was treated with pinal drainage without sequelae. Two patients experienced ansient dysphagia. In one patient with an anterior plate, a single screw broke without resulting in plate dislodgment or other sequelae and was not removed. In another patient, a screw backed out and plate dislodgment occurred. This patient expe rienced some mild dysphagia, and the instrumentation was re moved after successful fusion was achieved. One patient under went decompression at the wrong level and was taken back for reoperation at the correct level the day after surgery.
Late deterioration and reoperation
We compared the mjOA score shortly after surgery (mean, 4.3 mo) and later in the patient's postoperative course (mean, 42.3 mo) for 43 patients. Although the mean mjOA score declined slightly from 15.1 to 14.7, this was not statistically significant. Imaging studies were not repeated unless a patient failed to improve in terms of individual muscle function or mjOA score or if there was progressive deterioration.
Seven patients underwent reoperation during the period of follow-up. Two patients underwent reoperation for technical reasons detailed in the previous section. Two patients devel oped additional symptomatic compression at levels adjacent to their previous decompression and fusion. One patient failed to improve and underwent further decompression with vertebrectomy. Two patients had undergone additional cer vical spine surgery at other institutions for reasons that could not be determined.
D IS C U S S IO N
The initial symptoms in all patients in this series consisted of gait deterioration and/or upper extremity motor or sensory complaints. Upper extremity symptoms consisting of hand clumsiness usually occurred almost simultaneously with the onset of gait difficulties. Although upper extremity motor or sensory complaints may not be present very early in the course of CSM, their absence in patients with frank gait dif ficulties is unusual and should prompt a search for other causes of myelopathy (23).
Brain et al. (8) and Nurick (29) reported that the neurolog ical manifestations of CSM tended to stabilize. This was not the case for the patients in this surgical series, although the progression of deficit was frequently episodic with periods of neurological stability. This pattern has been noted by others (9) .
Upper extremity sensory and motor findings have been ascribed to a combination of myelopathy and radiculopathy or "radiculomedullary syndrome" (5, 15, 17, 19, 25, 40) . How ever, upper extremity symptoms are most likely caused by spinal cord compression and not root dysfunction. Sensory symptoms start in the finger tips, are generally confined to the hand, and do not occur in a radicular distribution.
Motor deficit in the upper extremities usually begins in the hand intrinsic and triceps muscles, both of which are the most severely affected muscle groups. It is unlikely that root com pression is the cause of motor deficit in these muscles. Al though hand weakness was common, spondylosis at the C7-T1 level, which might have affected the C8 root, was observed only once in this series. Stark et al. (36) , in an electromyographic study, presented evidence that dysfunc tion in muscles subserved by the C7-T1 motor roots was caused by anterior horn cell loss rather than by nerve root compression. Taylor and Byrnes (38) have postulated that this anterior horn cell loss occurs from spondylotic obstruction of spinal cord venous drainage. Because venous drainage occurs in a rostral direction (13) , the anterior horn cells most likely to be affected are those below C4-C5 and C5-C6, the most frequent sites of spinal cord compression.
Weakness in the lower extremities most commonly affected the proximal muscles (the iliopsoas and quadriceps). Al though gait dysfunction was a presenting complaint of more than 80% of the patients, fewer than 40% of the patients had objective weakness in proximal lower extremity muscles. The implication of this finding is that preoperative gait was more affected by spasticity than weakness in any individual muscle group. Postoperatively, residual spasticity was also a more likely cause of gait dysfunction than muscle weakness. Of the 60 patients with abnormal lower extremity function preoper atively (as assessed by the Cooper Scale), 28 (46.7%) experi enced improvement in function of one or more grades. This is considerably less than the lower extremity muscle group im provement rates, which ranged from 79.1 to 88.1%. Because of the effect of persistent spasticity in the lower extremities and sensory loss in the hands on functional outcome, assessment of individual motor groups provides an incomplete picture of overall functional recovery after operative decompression.
Sphincter and sexual dysfunction were relatively infrequent in this series and occurred, for the most part, in patients with far-advanced myelopathy. Of the patients with sexual dys function, the mean mJOA score was 8.8, and of those with bladder dysfunction, the mean score was 6.5, as opposed to a mean mJOA score of 12.4 for all patients in this series.
The factors that relate to prognosis have received consider able attention in the literature. Our statistical analysis con firms a strong, direct relationship between preoperative neu rological status and outcome after surgery. Patients with soft disc herniations and osteophytic spinal cord compression pre sented with similar neurological manifestations, although the time course of their disease was dissimilar. Our findings demonstrate the importance of this pathological distinction with respect to surgical outcome. We noted greater postoper ative improvement in patients undergoing single level de compression versus multilevel decompression within our study population. Hand wasting and spinal cord atrophy were noted to have highly significant predictive value in multivariate analyses but were only weakly predictive when observed in univariate analyses. This implies an association with other negative prognostic variables that may have more direct impact on surgical outcome. Although not statistically significant, preoperative signal change tended to be associ ated with a worse surgical outcome. This lack of statistical significance may be attributed to the small number of patients in our study group who presented with this finding. Finally, we found that a preoperative spastic gait was predictive of a worse surgical outcome, although this association did not reach statistical significance in our study population.
Late deterioration caused by progression of spondylosis at unoperated levels adjacent to the fusion is a concern in pa tients with CSM. When it occurs, it may be caused by the natural progression of spondylosis or increased movement at unfused motion segments. We evaluated the mJOA score in 43 patients at 4.3 and 42.3 months postoperatively. During that time, the score declined only slightly from 15.1 to 14.7, a difference that is not statistically significant.
Two patients in this series underwent reoperation for known spondylotic compression at adjacent levels. An addi tional two patients underwent further surgery at other insti tutions for reasons that could not be determined. At most, therefore, 4 of 75 patients (5.3%) could have had symptomatic spondylosis at adjacent levels during a mean follow-up of 31.1 months. This represents an incidence of recurrent symptom atic spondylosis of 2% per year.
C O M M EN T S
Chiles et al. eloquently review their experience with a large population of patients undergoing surgery for cervical spon dylotic myelopathy (CSM). They detail the neurological pic ture and recovery patterns of these patients. This, in and of itself, provides a significant service to spine surgeons. This large population of patients, combined with their careful follow-up, provides insight into the clinical course after treat ment and the success associated with treatment (predomi nantly ventral) for this difficult-to-manage patient population.
The failure of dorsal procedures for CSM are often related to their use in patients with kyphotic spines. Chiles et al. operated dorsally only in patients in whom greater than three levels of compression were observed or in whom dorsal dural sac compression was observed. Although this minimizes the incidence of dorsal operations performed on patients with kyphotic postures, it does not eliminate this possibility. It is encouraged that this factor be taken into consideration by the surgeon before surgical intervention.
Chiles et al. provide a meticulous presentation of a large population of patients. Surgeons managing the myelopathic patient with cervical spondylosis have much to learn from a careful review of this article. They can use this information to their advantage and to the advantage of their patients. 
